Purpose: To determine the evolution of fundus autofluorescence (FAF) patterns in chronic central serous chorioretinopathy (CSCR) over time. Methods: We retrospectively studied the changes in FAF patterns over time in 157 eyes of 112 patients with chronic CSCR using the Heidelberg Retina Angiography with a 488-nm excitation light and a 500-nm cutoff barrier filter. Results: The mean duration of follow-up was 37.2 months. The most common baseline pattern was that of granular hypoautofluorescence (51.0%). The earliest change in chronic CSCR is diffuse hyperautofluorescence and it occurs approximately 4 months after the reported first episode. The most common change observed at this stage is a change within areas of hyperautofluorescence where hyper-reflective dots appeared or disappeared. Change in FAF patterns from areas of hyperautofluorescence to hypoautofluorescence was slow. Only 25% of eyes showed such a change in pattern by 36 months. It takes an average of 24 months for granular hypoautofluorescent pattern to develop confluent hypoautofluorescence. There were no predictive patterns for the development of confluent CSCR. Conclusion: Fundus autofluorescence (FAF) changes in CSCR evolve very gradually and so is not a good outcome measure for clinical trials.
Introduction
Central serous chorioretinopathy (CSCR) is characterized by neurosensory retinal detachment and is usually idiopathic, often resolving spontaneously with visual recovery (Gass 1967; Schatz 1975; Liew et al. 2013; Nicholson et al. 2013 ). However, there are patients who present with chronic CSCR (duration more than 4 months) where neurosensory retinal detachment persists or relapses and leads to widespread changes in the retina, retinal pigment epithelium (RPE) and photoreceptors with subsequent visual impairment (Gass 1967; Schatz 1975; Liew et al. 2013; Nicholson et al. 2013) .
Fundus autofluorescence (FAF) is a non-invasive imaging technique, which enables the evaluation of the outer retina and RPE, while the intensity and spatial distribution of AF has been described in various diseases, including CSCR (Eandi et al. 2005; Framme et al. 2005; Spaide & Klancnik 2005; Dinc et al. 2011 ). According to Spaide and Klancnik, the hyperautofluorescence (hyperAF) in CSCR arises not only from the RPE, but also from the accumulated photoreceptor outer segments, which are not phagocytized by the RPE, or macrophages with a phagocytized outer segment, containing a precursor of lipofuscin, which shows AF (Spaide & Klancnik 2005) . Specifically, two types of hyperAF pattern have been described in chronic CSCR, the diffuse homogenous pattern with and without the presence of hyperautofluorescent punctate dots (Spaide & Klancnik 2005) . Other studies have also found that the area of subretinal fluid (SRF) in CSCR shows hypoAF, with two main forms of patterns that is the confluent (absolute loss of FAF, representing atrophic areas) and the granular with a mottled hypoAF (Framme et al. 2005; Ayata et al. 2009; Dinc et al. 2011; Deli et al. 2013) .
Patients with acute CSCR exhibit minimal FAF abnormalities during the first month of the disease, while a timedependent progressive increase in AF intensity was observed in patients with persistent CSCR (von R€ uckmann et al. 2002) . Additionally, in chronic recurrent CSCR, FAF images may present varying degrees of atrophy, while several patterns of FAF may also coexist (von R€ uckmann et al. 2002; Spaide & Klancnik 2005) . The course of FAF patterns over time remains unclear, as there is limited literature on timedependent changes in FAF patterns in chronic CSCR. In the light of the above, the purpose of this study was to assess the evolution of FAF patterns observed in CSCR over time.
Materials and Methods
We retrospectively reviewed the data of consecutive patients with chronic CSCR, who visited Moorfields Eye Hospital between 2008 and 2015. Chronic central serous chorioretinopathy (CSCR) was diagnosed by fundus fluorescein angiography (FFA), indocyanine green angiography (ICGA) and spectral domain optical coherence tomography (SD-OCT), and it was considered as chronic if the duration of the disease was more than 4 months. Only patients with serial FAF images were included in this study. Eyes with bilateral involvement were analysed individually. Eyes with severe media opacity, ungradable FAF images, coexistent retinal pathology, previously treated or complicated by choroidal neovascularization were excluded. The study was approved by the Institutional Review Board as a retrospective study (ROAD No. 14/034) and all procedures were in adherence to the tenets of the Declaration of Helsinki.
Image acquisition
Fundus autofluorescence (FAF) imaging was performed with confocal scanning laser ophthalmoscope (Spectralis HRA + OCT; Heidelberg Engineering, Heidelberg, Germany). Fundus autofluorescence (FAF) images were obtained before FFA/ICGA, so as not to confound the FAF. Excitation light with a bandwidth of 488 nm was used, and emitted light of > 500 nm was detected using a barrier filter. Data from individual images were averaged using the inbuilt HRA mean algebraic reconstruction technique to obtain a high-quality mean image.
Image analysis
The progression rate of changes observed on FAF was analysed in eyes for which data were available from at least two independent visits with sufficient image quality. If sufficient images of more than two visits were available, they were also analysed if the interval between visits was ≥4 months. Images were not assessed for progression if the area of FAF changes extended beyond the image borders. Evaluation of progression rates on FAF was primarily based on 30°FAF images. If only 55°i mages were available for individual visits, they were aligned to the 30°i mages.
Image analysis was performed as follows: Images were exported from the Heidelberg Eye Explorer (HEYEX, Heidelberg Engineering) and were aligned to the most recent image using at least four landmarks. In cases with indistinct borders on FAF imaging, other imaging modalities such as SD-OCT images were additionally consulted.
Image patterns
The relative intensity of FAF was determined with reference to the intensity of FAF of healthy surrounding regions of the retina in the same eye. Confluent hypoAF was defined as a region of absent FAF greater than onefourth of a disk diameter. Granular hypoAF was defined if there was a grainy or coarse region of decreased FAF as compared with normal surrounding areas greater than one-fourth of a disc diameter in size. HyperAF was defined as an AF brighter than that of the healthy retinal area. Diffuse homogenous hyperAF consisted of areas with uniform hyperAF whilst punctate hyperAF areas were defined as areas of diffuse hyperAF containing hyperfluorescent dots. If punctate hyperAF pattern coexisted with areas of homogenous diffuse hyperAF in an image, the hyperAF was classified as punctate hyperAF. The patterns of FAF of descending tracts were determined using the same classification. Figure 1 shows the classification of the patterns used in this study. The demarcation areas of each FAF were marked and area recorded in each FAF image.
Two separate graders (MZ, DM) evaluated the FAF images independently and if there were cases of disagreement on pattern type, the cases were graded by consensus between the two graders. In addition, they calculated independently the total area of each pattern on the digital images using the Heidelberg imaging analysis software and then the total areas were averaged together. Each grader used a computer mouse to manually trace all abnormal confluent and non-confluent areas of abnormalities on FAF in a single macular image. Areas of abnormality of less than ¼ disc diameter were excluded. The Heidelberg imaging analysis software automates conversion of pixels to mm 2 based on the magnification factors of the imaging device. Total area for each pattern at baseline and follow-up image was calculated by summing all the areas of the respective patterns. The pattern involving the fovealar area (one-quarter disc diameter [DD] circle centred on the fovea) was also reported. The baseline and follow-up images closest to an anniversary of baseline visit were evaluated for each eye. Inter-observer agreement was assessed using Cohen's kappa coefficient.
Statistical analysis
For the description of patients' characteristics at baseline, mean AE standard deviation (SD) was used for continuous variables and counts with percentages for categorical variables. The visit at which at least one of the FAF patterns was present was considered as the 'baseline' visit. Statistical analysis was performed using SPSS 22.0 (SPSS Inc, Chicago, USA).
Results
Of the 271 eyes of 182 patients fulfilling the inclusion criteria, both eyes of 44 patients and 1 eye of 26 patients were excluded from further analysis due to insufficient quality of available fundus images, additional retinal pathologies unrelated to CSCR, or presence of choroidal neovascularization secondary to CSCR. As a result, 157 eyes of 112 subjects were included in the study.
Baseline data, demographic characteristics and CSCR patterns are shown in Table 1 . The mean age of patients was 57 AE 11.5 years. The male to female ratio was 2.4:1. All patients had at least 12 months follow-up, while the mean duration of follow-up was 37.2 months. Regarding the various FAF patterns, 11.4% of patients presented diffuse homogenous hyperAF, while 19.7% had punctate hyperAF; 8.8% and 50.9% of patients presented confluent and granular hypoAF, respectively. Combination of all patterns of FAF was observed in 8.2% of patients and only one patient had normal FAF. Regarding the time of FAF appearance, the earliest change in chronic CSCR is diffuse hyperautofluorescence and it occurs approximately 4 months after the reported first episode.
The evolution of various types of FAF in patients with CSCR is shown in Table 2 . Patients with hyperAF (diffuse or with punctate dots) presented with at least 4 months duration of CSCR. Two eyes with diffuse homogenous hyperAF developed punctate hyperAF and 7 eyes with punctate hyperAF changed to diffuse homogenous hyperAF at 12 months. At month 24, one eye which showed normal FAF at baseline changed to punctate hyperAF directly. The other categories seemed to remain stable. From month 24 to month 36, seven eyes with punctate hyperAF developed hypoAF: three eyes confluent hypoAF and four eyes granular hypoAF. Additionally, three eyes with granular hypoAF converted to confluent hypoAF at month 36, although these eyes tend to develop coexistent hyperAF. Taken as a whole, change in FAF patterns from areas of hyperautofluorescence to hypoautofluorescence was slow. Only 25% of eyes showed such a change in pattern by 36 months. It takes an average of 24 months for granular hypoautofluorescent pattern to develop confluent hypoautofluorescence. Representative images of changes in FAF patterns are depicted in Figure 2 .
The mean total area of abnormal FAF at baseline was 24.1 mm 2 and showed a non-significant increase to 27.43 mm 2 at month 36. The mean visual acuity (VA) at baseline was 0.4 AE 0.12 logMAR and 0.4 AE 0.18 logMAR at month 36. There was no correlation between FAF total area and VA (Spearman's rho = À0.27, p = 0.091).
Agreement between graders
The kappa coefficients of grades in clarity of the delineated boundary of each FAF pattern were 0.8 for homogenous hyperAF, 0.78 for punctate hyperAF, 0.68 for granular hypoAF and 0.9 for confluent hypoAF. The kappa coefficient for detection of change in pattern of FAF was 0.89.
Discussion
This study evaluated the changes in FAF patterns over time in chronic CSCR. Our results showed that the earliest change in chronic CSCR is diffuse hyperAF and it occurs approximately 4 months after the reported first episode. All other changes were slow. A follow-up of 3 years showed that eyes with punctate hyperAF seem most likely to change their pattern slowly, either to diffuse hyperAF or to hypoAF patterns. Furthermore, eyes with granular hypoAF patterns changed to confluent hypoAF patterns after an average of 24 months but also developed coexisting hyperAF patterns.
Fundus autofluorescence (FAF) is an in vivo marker of the condition of photoreceptors and RPE, using the autofluorescent properties of lipofuscin, which is a by-product of incomplete phagocytosis of photoreceptor outer segments, building up within the RPE (Sparrow & Boulton 2005) . Fundus autofluorescence (FAF) can also provide indirect information on the metabolic activity of the RPE, as lipofuscin levels are largely influenced by the rate of turnover of photoreceptor outer segments (Eandi et al. 2005; Sparrow & Boulton 2005; Ojima et al. 2011) . Previous studies have shown that in CSCR lipofuscin accumulates at the level of the outer segments of photoreceptors and the RPE, usually prior to their degradation. Therefore, hypoAF involving the fovea is considered as a marker of impaired visual function (Ayata et al. 2009; Sekiryu et al. 2010; Eandi et al. 2015) . Our study demonstrated the gradual nature of change in FAF patterns in eyes with chronic CSCR, showing that most changes were noted in eyes with hyperAF patterns. Diffuse homogenous hyperAF usually signifies the presence of SRF or reactivation, while punctate hyperAF spots represent chronicity either due to lipofuscin from outer segments of photoreceptors or macrophages that have ingested lipofuscin (Lee et al. 2016) . Our observation is in line with previous reports, suggesting that dot hyperAF is a reliable first sign of CSC chronicity (Ozmert & Batio glu 2009; Song et al. 2012) . These dots may be also seen on disease progression from acute to early chronic and may persist through late stages. Song et al. (2012) suggested that these dots appear after thinning of photoreceptor outer segments of the detached retina. Our study supports this concept, as the hyperAF dots remained for a long duration and their presence preceded granular and confluent hypoAF in 25% of cases within 36 months. Moreover, about 25% of eyes with punctate hyperAF showed complete resolution of the dotted pattern, leaving a diffuse hyperAF area, which may suggest complete phagocytosis of lipofuscin by macrophages with or without SRF.
Punctate hyperAF also preceded the appearance of granular hypoAF patterns. HypoAF may be the result of reactive RPE changes due to phagocytosis of outer segments that had been shed or broken down in the process of serous retinal detachment, which ultimately leads to thinning of the posterior surface of the detached retina. The granularity of the hypoAF pattern possibly indicates a subconfluent loss of cells, whereby a reduction in the number of RPE cells within the monolayer occurs before the development of confluent loss of cells, which would then appear as a uniformly dark region, or a confluent hypoAF pattern. Confluent hypoAF has been shown to be a poor visual prognostic factor (Matsumoto et al. 2011; Freund et al. 2013 ). However, we did not observe a specific predictive FAF pattern that is a predictor of confluent hypoAF. In addition, there was no correlation between the FAF area and the VA.
It is worthy to note that FAF patterns reflect different stages of the disease. Increased FAF in CSCR may represent a lipofuscin-containing RPE layer that is disorganized and vertically superimposed, rather than excessive lipofuscin accumulation within discrete cells (Spaide & Klancnik 2005) .
Our study has several limitations, many of which inherent to its retrospective nature. These include the selection of study population, the variable number and interval of examinations during follow-up. Nevertheless, our study showed a high level of inter-observer agreement. Further studies correlating SD-OCT data to FAF may be useful to understand the course of CSCR.
In conclusion, this study is the first to show the evolution of different FAF patterns in patients with chronic CSCR over time. Future studies may further assist our understanding of changes in FAF and its relation to the pathophysiology of the disease, as well as to its prognosis.
